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(54) Mobile station position estimation for cellular mobile communication system 



(57) A mobil e station position estimation scheme for 
a cellular mobile communication system which is capa- 
ble of estimating a position of a mobile station in a sim- 
ple manner even in the general cellular mobile 
communication systems in which base stations are not 
synchronized. According to this mobile station position 
estimation scheme, a first signal sequence and a sec- 
ond signal sequence which are uniquely predetermined 
for the mobile station are exchanged between the 
mobile station and the base station, and then a position 
of the mobile station is estimated at one station among 
the base station and the mobile station, by obtaining a 
phase difference between the first signal sequence and 
the second signal sequence and calculating an esti- 
mated distance between the base station and the 
mobile station according to the phase difference. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a mobile station 
position estimation scheme for estimating a position of a 
mobile station in a cellular mobile communication sys- 
tem for carrying out communications between a mobile 
station and base stations, and a base station device and 
a mobile station device for realizing this mobile station 
position estimation scheme. 

DESCRIPTION OF THE BACKGROUND ART 

In the conventional cellular mobile communication 
system, it has been impossible to estimate a position of 
a mobile station in communication state, and for this 
reason it has been pointed out that there is a problem 
that a position of a source of an emergency call (such as 
dial "110" and M 1 19" in Japan, dial "911" in U.S.A.) can- 
not be identified. 

There are well known radio based techniques for 
estimating a position such as the radio navigation 
schemes for airplanes and ships (beacon, loran, micro- 
wave landing system, etc.). However, these techniques 
are not suitable for the cellular mobile communications. 

Namely, the beacon requires a radar on a mobile 
station device so that it is not suitable for compact 
implementation of a mobile station device. The hyper- 
bolic line of position scheme such as loran requires syn- 
chronization among base stations. In general, base 
stations of the cellular mobile communications are not 
synchronized with each other so that this scheme is not 
applicable to the cellular mobile communications, 
except for the IS-95 scheme of the American ELA/TIA 
standard which has synchronization among base sta- 
tions. The microwave landing system can measure a 
position of an airplane within a particular area at high 
precision by using a special directional antenna, but it is 
difficult to measure an arbitrary position of a mobile sta- 
tion by using a simple radio equipment. 

Recently, the position measurement scheme called 
GPS (Global Positioning System) that utilizes satellite 
has become popular, but this is also a system that 
requires high precision synchronization among satellite 
stations, and therefore it is applicable only to the IS-95 
scheme mentioned above, and not applicable to the 
general cellular mobile communication systems which 
are asynchronous systems. 

Thus there has been a problem that the convention- 
ally known radio based position estimation techniques 
are not suitable for the general cellular mobile commu- 
nications because the compact implementation of a 
mobile station device or a radio device of a base station 
becomes difficult and the synchronization among base 
stations is required. 



SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a mobile station position estimation scheme for 
5 a cellular mobile communication system which is capa- 
ble of estimating a position of a mobile station in a sim- 
ple manner even in the general cellular mobile 
communication systems in which base stations are not 
synchronized. 

io According to one aspect of the present invention 
there is provided a mobile station position estimation 
method in a cellular mobile communication for carrying 
out communications between mobile stations and base 
stations, comprising the steps of: (a) exchanging 

75 between a base station and a mobile station a first sig- 
nal sequence and a second signal sequence which are 
uniquely predetermined for the mobile station; and (b) 
estimating a position of the mobile station at one station 
among the base station and the mobile station, by 

so obtaining a phase difference between the first signal 
sequence and the second signal sequence and calcu- 
lating an estimated distance between the base station 
and the mobile station according to the phase differ- 
ence. 

25 According to another aspect of the present inven- 
tion there is provided a base station device at a base 
station in a cellular mobile communication system for 
carrying out communications between mobile stations 
and base stations, comprising: a reception unit for 

30 receiving a first signal sequence transmitted by a mobile 
station, which is uniquely predetermined for the mobile 
station; and a transmission unit for transmitting a sec- 
ond signal sequence which is uniquely predetermined 
for the mobile station, to the mobile station in synchroni- 

35 zation with the first signal sequence received by the 
reception unit, so as to enable the mobile station to esti- 
mate a position of the mobile station by calculating an 
estimated distance between the base station and the 
mobile station according to a phase difference between 

40 the first signal sequence and the second signal 
sequence. 

According to another aspect of the present inven- 
tion there is provided a mobile station device at a mobile 
station in a cellular mobile communication system for 
45 carrying out communications between base stations 
and mobile stations, comprising: a reception unit for 
receiving a first signal sequence transmitted by a base 
station, which is uniquely predetermined for the mobile 
station; and a transmission unit for transmitting a see- 
so ond signal sequence which is uniquely predetermined 
for the mobile station, to the base station in synchroni- 
zation with the first signal sequence received by the 
reception unit, so as to enable the base station to esti- 
mate a position of the mobile station by calculating an 
estimated distance between the base station and the 
mobile station according to a phase difference between 
the first signal sequence and the second signal 
sequence. 
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According to another aspect of the present inven- 
tion there is provided a base station device at a base 
station in a cellular mobile communication system for 
carrying out communications between mobile stations 
and base stations, comprising: a transmission unit for 5 
transmitting to a mobile station a first signal sequence 
which is uniquely predetermined for the mobile station; 
a reception unit for receiving a second signal sequence 
transmitted by the mobile station, which is uniquely pre- 
determined for the mobile station; and a position esti- w 
mation unit for estimating a position of the mobile 
station by obtaining a phase difference by comparing 
phases of the first signal sequence transmitted by the 
transmission unit and the second signal sequence 
received by the reception unit, and calculating an esti- is 
mated distance between the base station and the 
mobile station according to the phase difference. 

According to another aspect of the present inven- 
tion there is provided a mobile station device at a mobile 
station in a cellular mobile communication system for 20 
carrying out communications between mobile stations 
and base stations, comprising: a transmission unit for 
transmitting to a base station a first signal sequence 
which is uniquely predetermined for the mobile station; 
a reception unit for receiving a second signal sequence 25 
transmitted by the base station, which is uniquely pre- 
determined for the mobile station; and a position esti- 
mation unit for estimating a position of the mobile 
station by obtaining a phase difference by comparing 
phases of the first signal sequence transmitted by the 30 
transmission unit and the second signal sequence 
received by the reception unit, and calculating an esti- 
mated distance between the base station and the 
mobile station according to the phase difference, 

According to another aspect of the present inven- 35 
tion there is provided a base station device at a base 
station in a cellular mobile communication system for 
carrying out communications between mobile stations 
and base stations, comprising: a transmission unit for 
transmitting to a mobile station a first signal sequence <o 
which is uniquely predetermined for the mobile station; 
a reception unit for receiving a second signal sequence 
which is uniquely predetermined for the mobile station 
and information on a first phase difference indicating a 
phase difference between the first signal sequence and as 
the second signal sequence as obtained by the mobile 
station, which are transmitted by the mobile station; and 
a position estimation unit for estimating a position of the 
mobile station by obtaining a second phase difference 
by comparing phases of the first signal sequence trans- so 
mitted by the transmission unit and the second signal 
sequence received by the reception unit, and calculat- 
ing an estimated distance between the base station and 
the mobile station according to the first phase difference 
received by the reception unit and the second phase dil- 55 
ference. 

According to another aspect of the present inven- 
tion there is provided a mobile station device at a mobile 



223 A2 4 

station in a cellular mobile communication system for 
carrying out communications between mobile stations 
and base stations, comprising: a transmission unit for 
transmitting to a base station a first signal sequence 
which is uniquely predetermined for the mobile station; 
a reception unit for receiving a second signal sequence 
which is uniquely predetermined for the mobile station 
and information on a first phase difference indicating a 
phase difference between the first signal sequence and 
the second signal sequence as obtained by the base 
station, which are transmitted by the base station; and a 
position estimation unit for estimating a position of the 
mobile station by obtaining a second phase difference 
by comparing phases of the first signal sequence trans- 
mitted by the transmission unit and the second signal 
sequence received by the reception unit, and calculat- 
ing an estimated distance between the base station and 
the mobile station according to the first phase difference 
received by the reception unit and the second phase dif- 
ference. 

According to another aspect of the present inven- 
tion there is provided a base station device at a base 
station in a cellular mobile communication system for 
carrying out communications between mobile stations 
and base stations, comprising: a reception unit for 
receiving a first signal sequence transmitted by a mobile 
station, which is uniquely predetermined for the mobile 
station; and a transmission unit for obtaining a first 
phase difference by comparing phases of the first signal 
sequence received by the reception unit and a second 
signal sequence which is uniquely predetermined for 
the mobile station, and transmitting the second signal 
sequence and information on the first phase difference 
to the mobile station, so as to enable the mobile station 
to obtain a second phase difference by comparing 
phases of the first signal sequence and the second sig- 
nal sequence and estimate a position of the mobile sta- 
tion by calculating an estimated distance between the 
base station and the mobile station according to the first 
phase difference and the second phase difference. 

According to another aspect of the present inven- 
tion there is provided a mobile station device at a mobile 
station in a cellular mobile communication system for 
carrying out communications between mobile stations 
and base stations, comprising: a reception unit for 
receiving a first signal sequence transmitted by a base 
station, which is uniquely predetermined for the mobile 
station; and a transmission unit for obtaining a first 
phase difference by comparing phases of the first signal 
sequence received by the reception unit and a second 
signal sequence which is uniquely predetermined for 
the mobile station, and transmitting the second signal 
sequence and information on the first phase difference 
to the base station, so as to enable the base station to 
obtain a second phase difference by comparing phases 
of the first signal sequence and the second signal 
sequence and estimate a position of the mobile station 
by calculating an estimated distance between the base 
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station and the mobile station according to the first 
phase difference and the second phase difference. 

Other features and advantages of the present 
invention will become apparent from the following 
description taken in conjunction with the accompanying 5 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a mobile station device 10 
and a base station device for realizing a mobile station 
position estimation scheme according to the first 
embodiment of the present invention. 

Fig. 2 is a timing chart for explaining a manner of 
calculating a distance between a mobile station and a 75 
base station in a mobile station position estimation 
scheme according to the first embodiment of the 
present invention. 

Fig. 3 is a diagram showing an exemplary esti- 
mated position of the mobile station obtained by a 20 
mobile station position estimation scheme according to 
the first embodiment of the present invention, for a case 
of using one base station. 

Fig. 4 is a diagram showing an exemplary esti- 
mated position of the mobile station obtained by a 25 
mobile station position estimation scheme according to 
the first embodiment of the present invention, for a case 
of using two base stations. 

Fig. 5 is a diagram showing an exemplary esti- 
mated position of the mobile station obtained by a 30 
mobile station position estimation scheme according to 
the first embodiment of the present invention, for a case 
of using one sector of one base station. 

Fig. 6 is a diagram showing an exemplary esti- 
mated position of the mobile station obtained by a 35 
mobile station position estimation scheme according to 
the first embodiment of the present invention, for a case 
of using two sectors of two base stations. 

Fig. 7 is a block diagram of a mobile station device 
and a base station device for realizing a mobile station 40 
position estimation scheme according to the second 
embodiment of the present invention. 

Fig. 8 is a timing chart for explaining a manner of 
calculating a distance between a mobile station and a 
base station in a mobile station position estimation as 
scheme according to the second embodiment of the 
present invention. 

Fig. 9 is a schematic diagram of signals exchanged 
between a mobile station device and a base station 
device for realizing a mobile station position estimation so 
scheme according to the third embodiment of the 
present invention. 

Fig. 10 is a timing chart for explaining a manner of 
calculating a distance between a mobile station and a 
base station in a mobile station position estimation ss 
scheme according to the third embodiment of the 
present invention. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to Fig. 1 to Fig. 6, the first embodi- 
ment of a mobile station position estimation scheme for 
a cellular mobile communication system according to 
the present invention will be described in detail. 

Fig. 1 show configurations of a mobile station 
device 100 and a base station device 200 for realizing 
the mobile station position estimation scheme of the first 
embodiment, for an exemplary case in which the mobile 
station device 100 measures a distance from the base 
station device 200 and estimates its own position. 

The mobile station device 100 comprises a PN1 
generation unit 101 for generating a first unique signal 
sequence PN1, a PN2 generation unit 102 for generat- 
ing a second unique signal sequence PN2, a transmis- 
sion signal generation unit 103 for generating 
transmission signals, a transmission signal processing 
unit 104 for obtaining mobile station transmission sig- 
nals of a prescribed format using the transmission sig- 
nals from the transmission signal generation unit 103 
and the first unique signal sequence PN1 from the PN1 
generation unit 101, a transmission unit 105 for trans- 
mitting the mobile station transmission signals from the 
transmission signal processing unit 104 through an 
antenna 1 1 1 , a reception unit 1 06 for receiving base 
station transmission signals from a base station through 
the antenna 1 1 1 , a phase detection unit 107 for detect- 
ing a phase of received signals received by the recep- 
tion unit 106, a phase comparison unit 108 for 
comparing phases or the received signals and the 
mobile station transmission signals to obtain a phase 
difference, a distance calculation unit 109 for calculating 
a distance between the mobile station device 100 and 
the base station device 200 according to the phase dif- 
ference obtained by the phase comparison unit 108, 
and a position estimation unit 1 10 for estimating a posi- 
tion of the mobile station device 100 according to the 
distance calculated by the distance calculation unit 109. 

On the other hand, the base station device 200 
comprises a reception unit 206 for receiving the mobile 
station transmission signals from a mobile station 
through an antenna 21 1 , a phase detection unit 207 for 
detecting a phase of received signals received by the 
reception unit 206, a PN1 generation unit 201 for gener- 
ating the first unique signal sequence PN1, a PN2 gen- 
eration unit 202 for generating the second unique signal 
sequence PN2, a transmission signal generation unit 
203 for generating transmission signals, a base station 
position information generation unit 208 for generating a 
base station position information, a transmission signal 
processing unit 204 for obtaining base station transmis- 
sion signals of a prescribed format using the transmis- 
sion signals from the transmission signal generation 
unit 203, the second unique signal, sequence PN2 from 
the PN2 generation unit 202 and the base station posi- 
tion information from the base station position informa- 
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tion generation unit 208, and a synchronized 
transmission unit 205 for transmitting the base station 
transmission signals from the transmission signal 
processing unit 204 in synchronization with the received 
signals received from the mobile station. 5 

Note here that the first unique signal sequence PN1 
and the second unique signal sequence PN2 are signal 
sequences that are uniquely predetermined for each 
mobile station. 

In the mobile station device 100 and the base sta- io 
tion device 200 with these configuration, the mobile sta- 
tion position estimation is carried out, for example, when 
this mobile station originates an emergency call, when a 
user of this mobile station wishes to check his/her own 
position, when a user of a fixed network or another is 
mobile station wishes to check a position of this mobile 
station, etc. When this mobile station originates an 
emergency call, the position estimation can be realized 
by carrying out the following operation in a course of a 
call origination procedure. When a user of this mobile 20 
station wishes to check his/her own position, the user 
issues a position check request signal to the mobile sta- 
tion device 100 such that the mobile station device 100 
carries out the following operation upon receiving this 
position check request signal. When a user of a fixed 25 
network or another mobile station wishes to check a 
position of this mobile station, a position check request 
signal is transmitted to the mobile station device 100 
from a base station which is currently in communication 
with this mobile station such that the mobile station 30 
device 100 carries out the following operation upon 
receiving this position check request signal. 

Namely, upon receiving the position check request 
signal, the mobile station device 100 generates the first 
unique signal sequence PN1 to be used for the position 35 
estimation at the PN1 generation unit 101. Then, the 
transmission signal processing unit 104 converts this 
first unique signal sequence PN1 along with any other 
necessary transmission signals from the transmission 
signal generation unit 103 into a prescribed format, so 40 
as to obtain a position estimation reference signal, and 
the transmission unit 105 transmits this position estima- 
tion reference signal to the base station device 200 
through the antenna 111. 

When this position estimation reference signal from 45 
the mobile station is received through the antenna 21 1 
at the reception unit 206 of the base station device 200, 
the first unique signal sequence PN1 is generated at the 
PN1 generation unit 201, and a phase of PN1 in the 
received position estimation reference signal is so 
detected by using the generated PN1 at the phase 
detection unit 207. Then, the second unique signal 
sequence PN2 is generated at the PN2 generation unit 
202, and the transmission signal processing unit 204 
converts this second unique signal sequence PN2 ss 
along, with the base station position information from 
the base station position information generation unit 
208 and any other necessary transmission signals from 
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the transmission signal generation unit 203 into a pre- 
scribed format, so as to obtain a position estimation 
response signal. The synchronized transmission unit 
205 then transmits this position estimation response 
signal to the mobile station device 100 through the 
antenna 21 1 in synchronization with the phase of the 
received PN1. Here, the base station position informa- 
tion is an information indicating latitude, longitude and 
altitude of the base station, for example. 

When this position estimation response signal from 
the base station is received through the antenna 1 1 1 at 
the reception unit 106 of the mobile station device 100, 
the second unique signal sequence PN2 is generated at 
the PN2 generation unit 102, and a phase of PN2 in the 
received position estimation response signal is detected 
by using the generated PN2 at the phase detection unit 
107. Then, the phase comparison unit 108 compares 
the phase of PN1 in the position estimation reference 
signal transmitted by the transmission unit 105 and the 
phase of PN2 in the position estimation response signal 
received by the reception unit 106, and detects their 
phase difference. Then, the distance calculation unit 
109 calculates a distance between the mobile station 
device 100 and the base station device 200 from this 
phase difference, and the position estimation unit 110 
estimates the position of this mobile station from the dis- 
tance calculated by the distance calculation unit 109 
and the base station position information of the base 
station device 200 contained in the position estimation 
response signal received by the reception unit 106. 

Fig. 2 is a timing chart for explaining the principle 
for calculating the distance between the base station 
and the mobile station in this first embodiment. Fig. 2 
shows an exemplary case where the first and second 
unique signal sequences PNi and PN2 have the equal 
period. Here, PN1 and PN2 are used as marker signals 
for measuring a transmission time, and there is no need 
to continuously transmit them throughout the position 
estimation period. For example, signals to be transmit- 
ted periodically such as frame synchronization signal 
can be used as PN1 and PN2. 

TTie position estimation reference signal transmit- 
ted from the mobile station device 100 is received at the 
base station device 200 after as much delay as a trans- 
mission time of an uplink transmission path. The base 
station device 200 transmits the position estimation 
response signal in synchronization with the received 
position estimation reference signal. The mobile station 
device 100 receives this position estimation response 
signal after as much delay as a transmission time of a 
downlink transmission path, and compares the phase of 
the transmitted position estimation reference signal with 
the phase of the received position estimation response 
signal. Here, the measured phase difference can be. 
converted into a time value A [sec], where A represents 
a transmission delay time for going and returning. Con- 
sequently, the distance D between the mobile station 
device 100 and the base station device 200 can be 



5CCID: <EP 0865223A2_L> 



5 



• 



9 

given by: 

D = Ac/2 [m] 

where c is the speed of light (which is approximately 
equal to 3 x 1 0 8 m/s). 

Fig. 3 illustrates a manner of estimating the mobile 
station position in this first embodiment. Namely, it is 
possible to estimate the mobile station device 100 as 
existing on a circle distanced from the base station 
device 200 by the distance D. In practice, the measured 
phase difference contains some error. Taking this error 
into account, the phase difference as converted into a 
time value can be given by A± a [sec], for example, and 
then the distance D can be expressed as; 

(A ± a)c = D±a + D±5 

where 6 = ac . In this case, the estimated position is 
given by a shaded region shown in Fig. 3. 

It is possible to improve the precision of the esti- 
mated position if the mobile station measures distances 
with respect to a plurality of base stations. Fig. 4 shows 
an exemplary case where distances with respect to two 
base stations are measured. In this case, the mobile 
station device 100 measures the distance with respect 
to the base station device 200 by the above described 
procedure first. When the distance between the mobile 
station device 100 and the base station device 200 is 
given by D1 ± 61 [m] by accounting for error, the first 
estimated area (a single hatching circular area centered 
around the base station device 200) shown in Fig. 4 can 
be obtained. Next, the mobile station device 100 simi- 
larly measures the distance with respect to another 
base station device 300 by the above described proce- 
dure. When the distance between the mobile station 
device 1 00 and the base station device 300 is given by 
D2 ± 62 [m] by accounting for error, the second esti- 
mated area (a single hatching circular area centered 
around the base station device 300) shown in Fig. 4 can 
be obtained. Then, the estimated position of the mobile 
station device 100 is given by an overlapping portion (a 
double batching area) of the first estimated area and the 
second estimated area. 

In addition, when each base station device 200 or 
300 covers its cell by a plurality of sectors, it is possible 
to further improve the precision of the estimated posi- 
tion by carrying out the position estimation for the 
mobile station device 100 within a sector of the base 
station device 200 or 300 which is currently in commu- 
nication with the mobile station device 100, as shown in 
Fig. 5 for a case of using one base station and Fig. 6 for 
a case of using two base stations. 

Referring now to Fig, 7 and Fig. 8, the second 
embodiment of a mobile station position estimation 
scheme for a cellular mobile communication system 
according to the present invention will be described in 
detail. 
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Fig. 7 show configurations of a mobile station 
device 100 and a base station device 200 for realizing 
the mobile station position estimation scheme of the 
second embodiment, where the mobile station device 
5 1 00 has the same configuration as in Fig. 1 described 
above, whereas the base station device 200 has a con- 
figuration different from that of Fig. 1 in that a phase 
comparison unit 209 is additionally provided and the 
transmission unit 205 is not a synchronized transmis- 
70 sion unit. The other elements identical to those of Fig. 1 
are given the same reference numerals in Fig. 7. 

In this second embodiment, the initial operation of 
the mobile station device 100 is the same as in the first 
embodiment. Namely, upon receiving the position check 
is request signal, the mobile station device 100 generates 
the first unique signal sequence PN1 to be used for the 
position estimation at the PN1 generation unit 101. 
Then, the transmission signal processing unit 104 con- 
verts this first unique signal sequence PN1 along with 
so any other necessary transmission signals from the 
transmission signal generation unit 103 into a pre- 
scribed format, so as to obtain a position estimation ref- 
erence signal, and the transmission unit 105 transmits 
this position estimation reference signal to the base sta- 
25 tion device 200 through the antenna 111. 

When this position estimation reference signal from 
the mobile station is received through the antenna 211 
at the reception unit 206 of the base station device 200, 
the f irst unique signal sequence PN1 is generated at the 
30 PN1 generation unit 201, and a phase of PN1 in the 
received position estimation reference signal is 
detected by using the generated PN1 at the phase 
detection unit 207. Then, the second unique signal 
sequence PN2 is generated at the PN2 generation unit 
35 202, and the phase comparison unit 209 compares the 
detected phase of PN1 in the received position estima- 
tion reference signal and the phase of PN2 to be 
included in the base station transmission signals so as 
to obtain a first phase difference. Then, the transmission 
40 signal processing unit 204 converts this second unique 
signal sequence PN2 and information on the first phase 
difference along with the base station position informa- 
tion from the base station position information genera- 
tion unit 208 and any other necessary transmission 
45 signals from the transmission signal generation unit 203 
into a prescribed format, so as to obtain a position esti- 
mation response signal. The transmission unit 205 then 
transmits this position estimation response signal to the 
mobile station device 100 through the antenna 211 in 
so synchronization with the phase of the received PN1 . 

When this position estimation response signal from 
the base station is received through the antenna 1 11 at 
the reception unit 106 of the mobile station device 100, 
the second unique signal sequence PN2 is generated at 
55 the PN2 generation unit 1 02, and a phase of PN2 in the 
received position estimation response signal is detected 
by using the generated PN2 at the phase detection unit 
107. Then, the phase comparison unit 108 compares 
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the phase of PN1 in the position estimation reference 
signal transmitted by the transmission unit 1 05 and the 
phase of PN2 in the position estimation response signal 
received by the reception unit 106, so as to obtain a 
second phase difference. Then, the distance calculation 5 
unit 109 calculates a distance between the mobile sta- 
tion device 100 and the base station device 200 from 
the first phase difference indicated in the position esti- 
mation response signal received by the reception unit 
106 and the second phase difference obtained by the 10 
phase comparison unit 108, and the position estimation 
unit 110 estimates the position of this mobile station 
from the distance calculated by the distance calculation 
unit 109 and the base station position information of the 
base station device 200 contained in the position esti- 75 
mation response signal received by the reception unit 
106. 

Fig. 8 is a timing chart for explaining the principle 
for calculating the distance between the base station 
and the mobile station in this second embodiment. 20 
Here, similarly as in the first embodiment, the position 
estimation reference signal transmitted from the mobile 
station device 1 00 is received at the base station device 
200 after as much delay as a transmission time of an 
uplink transmission path. However, in this second 25 
embodiment, the base station transmits the position 
estimation response signal at independent timing with- 
out establishing synchronization with the received posi- 
tion estimation reference signal. On the other hand, the 
base station measures the phase difference (first phase 30 
difference) between the received position estimation 
reference signal and the position estimation response 
signal to be transmitted, and includes information on 
this first phase difference in the position estimation 
response signal. 35 

The mobile station device 1 00 receives this position 
estimation response signal after as much delay as a 
transmission time of a downlink transmission path, and 
measures the phase difference (second phase differ- 
ence) between the phase of the transmitted position ao 
estimation reference signal an the phase of the received 
position estimation response signal. Here, the meas- 
ured first and second phase differences can be con- 
verted into time values A [sec] and 6 [sec], 
respectively. In addition, suppose that the first and sec- 45 
ond unique signal sequences PN1 and PN2 have the 
same period g [sec.]. In this case, a transmission deiay 
time for going and returning can be given by 
d = (A + B)- g) . Consequently, the distance D between 
the mobile station device 100 and the base station so 
device 200 can be given by: 

D = cd/2 [m] 

where c is the speed of light (which is approximately ss 
equal to 3 x 10 s m/s). When the distance between the 
mobile station and the base station is obtained, the 
position of the mobile station can be estimated by the 
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similar manner as in the first embodiment. 

Note that the position estimation scheme of the 
present invention becomes more effective when the 
transmission rate of a radio transmission path is higher 
because the precision in the phase difference measure- 
ment can be improved. In this regard, the spread codes 
of CDMA (Code Division Multiple Access) provide a fast 
chip rate even when a data transmission rate is low, so 
that it is possible to use the spread codes of CDMA as 
the unique signal sequences used by the present inven- 
tion. 

In such a case, the transmission signal processing 
unit of the mobile station device and the base station 
device shown in Fig. 1 and Fig. 7 carries out a process- 
ing for spreading the other transmission signals (or 
dummy signals when there is no other transmission sig- 
nals) and the base station position information (in a 
case of the base station device) by using the unique sig- 
nal sequence given by the spread code of CDMA, and 
transmits the resulting signal as the position estimation 
reference signal or the position estimation response sig- 
nal from the transmission unit. Else, the transmission 
signal processing unit of the mobile station devise and 
the base station device shown in Fig. 1 and Fig. 7 
includes the unique signal sequence given by the 
spread code of CDMA in the position estimation refer- 
ence signal or the position estimation response signal of 
the prescribed format, and transmits the resulting signal 
from the transmission unit. 

Note also that, the first and second embodiments 
described above have been directed to a case where 
the mobile station device measures the distance and 
estimates the mobile station position, but the similar 
scheme in which the base station measures the dis- 
tance and estimates the mobile station position can also 
be realized by exchanging the roles of the base station 
device and the mobile station device in the above 
description. Here however, in a case of the position esti- 
mation using a plurality of base stations, it is necessary 
exchange information among the base stations so as to 
obtain the estimated position by combining the meas- 
ured distances and the position information for a plural- 
ity of base stations. 

The scheme in which the base station device meas- 
ures the distance requires a larger processing load on 
the base station, but can reduce amount of signals in 
the radio section. Namely, in the cellular mobile commu- 
nication in general, the base station normally transmits 
a regulation information, a channel structure informa- 
tion, etc., through a broadcast channel, and the unique 
signal sequence required by the present invention can 
be included in this broadcast channel so as to improve 
the efficiency because then the only new radio signal 
required for the position estimation will be a single sig- 
nal to be transmitted by the mobile station. In particular, 
in a case of using the spread codes as the unique signal 
sequences in the CDMA mobile communication, the 
spread codes are already contained in information 
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transmitted by the broadcast channel so that It is not 
even necessary to add a new information element to the 
broadcast channel. 

Referring now to Fig. 9 and Fig. 10, the third 
embodiment of a mobile station position estimation s 
scheme for a cellular mobile communication system 
according to the present invention will be described in 
detail. 

This third embodiment is directed to a case of 
improving the precision in the position estimation by uti- w 
lizing the broadcast channel while using signals going 
and returning for the purpose of the position estimation. 
Fig. 9 shows signals exchanged in the radio section 
according to the third embodiment. 

In Fig. 9, the base station broadcasts a broadcast is 
information including a unique signal sequence PN3 
through a broadcast channel. Every mobile station 
which is capable of communicating with this base sta- 
tion can receive this broadcast channel, The mobile sta- 
tion then estimates a phase difference (first phase 20 
difference) A between the phase of the unique signal 
sequence PN3 in the received broadcast channel and 
the phase of the unique signal sequence PN1 in the 
position estimation reference signal to be transmitted, 
and transmits the position estimation reference signal 25 
including A and PN1. 

The base station then measures a phase difference 
(second phase difference) B between the phase of PN1 
in the received position estimation reference signal and 
the phase of PN3 in the transmitted broadcast informa- 30 
tion, as well as a phase difference (third phase differ- 
ence) E between the phase of PN1 in the received 
position estimation reference signal and the phase of 
the unique signal sequence PN2 in the position estima- 
tion response signal to be transmitted, and calculates a 35 
first estimated distance d1 from A and B, while transmit- 
ting the position estimation response signal including E, 
d1 and PN2. 

The mobile station then measures a phase differ- 
ence (fourth phase difference) F between the phase of 40 
PN2 in the received position estimation response signal 
and the phase of PN1 in the transmitted position estima- 
tion reference signal, calculates a second estimated 
distance d2 from E and F, and obtains the estimated dis- 
tance by averaging the obtained d1 and d2. Here, it is 45 
also possible to take a weighted average of d1 and d2 
using reliabilities of dl and d2 as weights. If there is a 
relationship between the phases of PN2 and PN3, it is 
also possible to use A and B in obtaining 62. 

Fig. 10 is a timing chart for explaining the principle so 
for calculating the distance between the base station 
and the mobile station in this third embodiment. Here, 
the symbols shown in Fig. 10 are as described above. 
The base station calculates the transmission delay time 
d1 and the distance D1 between the mobile station and ss 
the base station by using the phase differences A and B 
converted into time values, as follows. 
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d1 + (A + B) - g 
D1 = cd1/2 

On the other hand, the mobile station calculates the 
transmission delay time d2 and the distance D2 
between the mobile station and the base station by 
using the phase differences E and F converted into time 
values, as follows. 

d2 = (E + F) - g 
D2 = cd2/2 

Then, the mobile station obtains the estimated distance 
D by averaging Dl and D2, as follows, 

D = (D1 +D2)/2 

In practice, the different radio signals have different 
receiving level, multipath occurrence state, etc., so that 
A, B, E and F have different reliabilities, For this reason, 
it is also possible to take a weighted average of D1 and 
D2 using reliabilities of D1 and D2 as weights. 

Note that this third embodiment has been directed 
to a case in which the mobile station measures the 
phase difference between PN3 in the broadcast chan- 
nel and PN1 in the mobile station transmission signal, 
but it is also possible for the mobile station to transmit 
PN1 in synchronization with PN3 similarly as in the first 
embodiment described above. In such a case, the man- 
ner for calculating the distance will be substantially the 
same as in the first embodiment. 

Note also that, in a case of realizing the position 
estimation using a plurality of base stations, it is neces- 
sary for the mobile station to exchange the position esti- 
mation reference signal and the position estimation 
response signal with each base station, so that amount 
of signals in the radio section increases. In addition, 
there are cases where the position estimation precision 
can be lowered because of differences in the distance 
measurement time with respect to different base sta- 
tions. For this reason, it is effective to adopt a scheme in 
which the mobile station carries out the simultaneous 
multi-code transmission in a plurality of code division 
multiplexed channels for signals to be transmitted to a 
plurality of base stations. Alternatively, it is also effective 
to adopt a scheme for dividing the transmission channel 
into slots and time division multiplexing signals to be 
transmitted to a plurality of base stations into the trans- 
mission channel of a frame structure. 

In practice, the received signal contains signals 
coming through a plurality of transmission paths (multi- 
path) in overlap. The scheme of the present invention is 
capable of realizing the accurate position estimation 
when it is possible to measure the phase of direct wave, 
and under the multipath environment, it is possible to 
keep error small by extracting a signal having the short- 
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est delay time and using it for the phase measurement. 
Consequently, the phase detection unit of the mobile 
station device and the base station device shown in Fig. 
1 and Fig. 7 detects the phase by receiving the receiv- 
ing timing information for a signal having the shortest 5 
delay time from the reception unit. In the case of using a 
RAKE receiver in the CDMA mobile communication, a 
timing of a finger having the shortest delay time will he 
used. Note however that it is also possible to carry out 
the check of the phase, the judgement of the signal, 
etc., by using signal after the RAKE combining. 

As described, according to the present invention, 
one of the base station and the mobile station transmits 
the first unique signal sequence, and the other one of 
the base station and the mobile station transmits the 
second unique signal sequence in synchronization with 
the first unique signal sequence. Then, that one of the 
base station and the mobile station estimates the posi- 
tion of the mobile station by calculating the estimated 
distance between the base station and the mobile sta- 
tion according to the phase difference between the first 
and second unique signal sequences, so that it is possi- 
ble to estimate the position of the mobile station in a 
simple manner even in the general cellular mobile com- 
munication systems in which base stations are not syn- 
chronized. 

Also, according to the present invention, one of the 
base station and the mobile station transmits the first 
unique signal sequence, and the other one of the base 
station and the mobile station calculates a first phase 
difference between the first unique signal sequence and 
the second unique signal sequence to be transmitted, 
and transmits information on the first phase difference 
and the second unique signal sequence to that one of 
the base station and the mobile station without estab- 
lishing synchronization with respect to the first unique 
signal sequence. Then, that one of the base station and 
the mobile station calculates a second phase difference 
between the first unique signal sequence and the 
received second unique signal sequence, and esti- 
mates the position of the mobile station by calculating 
the estimated distance between the base station and 
the mobile station according to information on the first 
phase difference and the second phase difference, so 
that it is possible to estimate the position of the mobile 
station in a simple manner even in the general cellular 
mobile communication systems in which base stations 
are not synchronized. 

It is to be noted that, besides those already men- 
tioned above, many modifications and variations of the 
above embodiments may be made without departing 
from the novel and advantageous features of the 
present invention, Accordingly, all such modifications 
and variations are intended to be included within the 
scope of the appended claims. 
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Claims 

1. A mobile station position estimation method in a 
cellular mobile communication for carrying out com- 
munications between mobile stations and base sta- 
tions, comprising the steps of: 

(a) exchanging between a base station and a 
mobile station a first signal sequence and a 
second signal sequence which are uniquely 
predetermined for the mobile station; and 

(b) estimating a position of the mobile station at 
one station among the base station and the 
mobile station, by obtaining a phase difference 
between the first signal sequence and the sec- 
ond signal sequence and calculating an esti- 
mated distance between the base station and 
the mobile station according to the phase dif- 
ference, 

2. The method of claim 1 , wherein at the step (a), said 
one station transmits the first signal sequence to 
another station among the base station and the 
mobile station, and said another station transmits 
the second signal sequence to said one station in 
synchronization with the first signal sequence as 
received by said one station; and 

at the step (b), said one station obtains the 
phase difference by comparing phases of the first 
signal sequence as transmitted by said one station 
and the second signal sequence as received by 
said one station. 

3. The method of claim 2, wherein when multipath sig- . 
nai is received at the step (a), said another station 
transmits the second signal sequence in synchroni- 
zation with the first signal sequence received from a 
path having a shortest delay time. 

4. The method of claim 2, wherein when multipath sig- 
nal is received at the step (a), said one station 
obtains the phase difference by using the second 
signal sequence received from a path having a 
shortest delay time at the step (b). 

5. The method of claim 1 , wherein at the step (a), said 
one station transmits the first signal sequence to 
another station among the base station and the 
mobile station, and said another station obtains a 
first phase difference by comparing phases of the 
first signal sequence as received by said another 
station and the second signal sequence to be trans- 
mitted by said another station, and transmits infor- 
mation on the first phase difference and the second 
signal sequence to said one station; and 

at the step (b), said one station obtains a 
second phase difference by comparing phases of 
the first signal sequence as transmitted by said one 
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station and the second signal sequence as 
received by said one station, and calculates the 
estimated distance by using the fist phase differ- 
ence and the second phase difference, 

5 

6. The method of claim 5, wherein when multipath sig- 
nal is received at the step (a), said another station 
obtains the first phase difference by using the first 
signal sequence received from a path having a 
shortest delay time. io 

7. The method of claim 5, wherein when multipath sig- 
nal is received at the step (a), said one station 
obtains the second phase difference by using the 
second signal sequence received from a path hav- 75 
ing a shortest delay time at the step (b). 

8. The method of claim 1, wherein the cellular mobile 
communication is a mobile communication in 
CDMA scheme, and the first signal sequence and so 
the second signal sequence are spread codes of 
CDMA scheme. 

9. The method of claim 1, wherein the cellular mobile 
communication uses base stations each of which 25 
has a broadcast channel for transmitting informa- 
tion to he broadcast to all mobile stations, and said 
one station is the base station; and 

at the step (a), the base station transmits the 
first signal sequence through the broadcast chan- 30 
nel. 

10. The method of claim 1, wherein the mobile station 
exchanges the first signal sequence and the sec- 
ond signal sequence with respect to each one of a 35 
plurality of base stations at the step (a), and the 
step (b) calculates estimated distances of the 
mobile station with respect to said plurality of base 
stations separately and estimates the position of 
the mobile station by combining the estimated dis- 40 
tances of the mobile station with respect to said plu- 
rality of base stations. 

11. The method of claim 10, wherein at the step (a), the 
mobile station carries out simultaneous multi-code 45 
transmission by v code division multiplexing signals 

to be transmitted with respect, to said plurality of 
base stations. 

12. The method of claim 10, wherein at the step (a) t the so 
mobile station carries out transmission by time divi- 
sion multiplexing signals to be transmitted to said 
plurality of base stations into a channel of a frame 
structure. 

55 

13. The method of claim 1, wherein said one station is 
the mobile station, and at the step (a), the base sta- 
tion transmits through a broadcast channel a third 
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signal sequence which is uniquely predetermined 
for the mobile station, before the mobile station 
transmits the first signal sequence to the base sta- 
tion, and the mobile station transmits the first signal 
sequence to the base station in synchronization 
with the third signal sequence as received by the 
mobile station. 

14. The method of claim 1, wherein said one station is 
the mobile station, and at the step (a), the base sta- 
tion transmits through a broadcast channel a third 
signal sequence which is uniquely predetermined 
for the mobile station, before the mobile station 
transmits the first signal sequence to the base sta- 
tion the mobile station obtains a first phase differ* 
ence by comparing phases of the third signal 
sequence as received by the mobile station and the 
first signal sequence to be transmitted by the 
mobile station and transmits information on the first 
phase difference and the second signal sequence, 
and the base station obtains a second phase differ- 
ence by comparing phases of the first signal 
sequence as received by the base station and the 
third signal sequence as transmitted by the base 
station, calculates a first estimated distance 
between the base station and the mobile station 
from the first phase difference and the second 
phase difference, obtains a third phase difference 
by comparing phases of the first signal sequence 
as received by the base station and the second sig- 
nal sequence to be transmitted by the base station, 
and transmits information on the third phase differ- 
ence, information on the first estimated distance 
and the second signal sequence to the mobile sta- 
tion; and 

at the step (b), the mobile station obtains a 
fourth phase difference by comparing phases of the 
first signal sequence as transmitted by the mobile 
station and the second signal sequence as 
received by the mobile station, calculates a second 
estimated distance between the base station and 
the mobile station from the third phase difference 
and the fourth phase difference, and calculates the 
estimated distance from the first estimated distance - 
and the second estimated distance. 

15. The method of claim 1, wherein the step (b) esti- 
mates the position of the mobile station to be within 
an estimated position area obtained by accounting 
for a prescribed error in positions distanced by the 
estimated distance from the base station in a serv- 
ice area of the base.station; and 

when the mobile station exchanges the first 
signal sequence and the second signal sequence 
with respect to each one of a plurality of base sta- 
tions at the step (a), the step (b) calculates esti- 
mated distances of the mobile station with respect 
to said plurality of base stations separately, and 
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estimates the position of the mobile station to be 
within an area in which a plurality of estimated posi- 
tion areas obtained from the estimated distances of 
the mobile station with respect to said plurality of 
base stations are overlapping. . 5 

16. The method of claim 1, wherein the step (b) esti- 
mates the position of the mobile station to be within 
an estimated position area obtained by accounting 

for a prescribed error in positions distanced by the 10 
estimated distance from the base station in a sector 
of the base station which is currently in communica- 
tion with the mobile station; and 

when the mobile station exchanges the first 
signal sequence and the second signal sequence 15 
with respect to each one of a plurality of base sta- 
tions at the step (a), the step (b) calculates esti- 
mated distances of the mobile station with respect 
to said plurality of base stations separately, and 
estimates the position of the mobile station to be 20 
within an area in which a plurality of estimated posi- 
tion areas obtained from the estimated distances of 
the mobile station with respect to said plurality of 
base stations are overlapping. 

25 

17. A base station device at a base station in a cellular 
mobile communication system for carrying out com- 
munications between mobile stations and base sta- 
tions, comprising: 

30 

a reception unit for receiving a first signal 
sequence transmitted by a mobile station, 
which is uniquely predetermined for the mobile 
station; and 

a transmission unit for transmitting a second 35 
signal sequence which is uniquely predeter- 
mined for the mobile station, to the mobile sta- 
tion in synchronization with the first signal 
sequence received by the reception unit, so as 
to enable the mobile station to estimate a posi- 40 
tion of the mobile station by calculating an esti- 
mated distance between the base station and 
the mobile station according to a phase differ- 
ence between the first signal sequence and the 
second signal sequence. 45 

18. The base station device of claim 17, wherein when 
the reception unit receives multipath signal, the 
transmission unit transmits the second signal 
sequence in synchronization with the first signal so 
sequence received from a path having a shortest 
delay time. 

19. A mobile station device at a mobile station in a cel- 
lular mobile communication system for carrying out ss 
communications between base stations and mobile 
stations, comprising: 
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a reception- unit for receiving a first signal 
sequence transmitted by a base station, which 
is uniquely predetermined for the mobile sta- 
tion; and 

a transmission unit for transmitting a second 
signal sequence which is uniquely predeter- 
mined for the mobile station, to the base station 
in synchronization with the first signal 
sequence received by the reception unit, so as 
to enable the base station to estimate a posi- 
tion of the mobile station by calculating an esti- 
mated distance between the base station and 
the mobile station according to a phase differ- 
ence between the first signal sequence and the 
second signal sequence. 

20. The mobile station device of claim 19, wherein 
when the reception unit receives multipath signal, 
the transmission unit transmits the second signal 
sequence in synchronization with the first signal 
sequence received from a path having a shortest 
delay time. 

21 . A base station device at a base station in a cellular 
mobile communication system for carrying out com- 
munications between mobile stations and base sta- 
tions, comprising: 

a transmission unit for transmitting to a mobile 
station a first signal sequence which is uniquely 
predetermined for the mobile station; 
a reception unit for receiving a second signal 
sequence transmitted by the mobile station, 
which is uniquely predetermined for the mobile 
station; and 

a position estimation unit for estimating a posi- 
tion of the mobile station by obtaining a phase 
difference by comparing phases of the first sig- 
nal sequence transmitted by the transmission 
unit and the second signal sequence received 
by the reception unit, and calculating an esti- 
mated distance between the base station and 
the mobile station according to the phase dif- 
ference. 

22. The base station device of claim 21, wherein when 
the reception unit receives multipath signal, the 
position estimation unit obtains the phase differ- 
ence by using the second signal sequence received 
from a path having a shortest delay time. 

23. A mobile station device at a mobile station in a cel- 
lular mobile communication system for carrying out 
communications between mobile stations and base 
stations, comprising: 

a transmission unit for transmitting to a base 
station a first signal sequence which is uniquely 
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predetermined for the mobile station; 
a reception unit for receiving a second signal 
sequence transmitted by the base station, 
which is uniquely predetermined for the mobile 
station; and 

a position estimation unit for estimating a posi- 
tion of the mobile station by obtaining a phase 
difference by comparing phases of the first sig- 
nal sequence transmitted by the transmission 
unit and the second signal sequence received 
by the reception unit, and calculating an esti- 
mated distance between the base station and 
the mobile station according to the phase dif- 
ference. 

24. The mobile station device of claim 23, wherein 
when the reception unit receives multipath signal, 
the position estimation unit obtains the phase differ- 
ence by using the second signal sequence received 
from a path having a shortest delay time. 

25. A base station device at a base station in a cellular 
mobile communication system for carrying out com- 
munications between mobile stations and base sta- 
tions, comprising: 

a transmission unit for transmitting to a mobile 
station a first signal sequence which is uniquely 
predetermined for the mobile station; 
a reception unit for receiving a second signal 
sequence which is uniquely predetermined for 
the mobile station and information on a first 
phase difference indicating a phase difference 
between the first signal sequence and the sec- 
ond signal sequence as obtained by the mobile 
station, which are transmitted by the mobile 
station; and 

a position estimation unit for estimating a posi- 
' tion of the mobile station by obtaining a second 
phase difference by comparing phases of the 
first signal sequence transmitted by the trans- 
mission unit and the second signal sequence 
received by the reception unit, and calculating 
an estimated distance between the base sta- 
tion and the mobile station according to the first 
phase difference received by the reception unit 
and the second phase difference. 

26. The base station device of claim 25, wherein when 
the reception unit receives multipath signal, the 
position estimation unit obtains the second phase 
difference by using the second signal sequence 
received from a path having a shortest delay time. 

27. A mobile station device at a mobile station in a cel- 
lular mobile communication system for carrying out 
communications between mobile stations and base 
stations, comprising: 



a transmission unit for transmitting to a base 
station a first signal sequence which is uniquely 
predetermined for the mobile station; 
a reception unit for receiving a second signal 

5 sequence which is uniquely predetermined for 

the mobile station and information on a first 
phase difference indicating a phase difference 
between the first signal sequence and the sec- 
ond signal sequence as obtained by the base 

10 station, which are transmitted by the base sta- 

tion: and 

a position estimation unit for estimating a posi- 
tion of the mobile station by obtaining a second 
phase difference by comparing phases of the 

75 first signal sequence transmitted by the trans- 

mission unit and the second signal sequence 
received by the reception unit and calculating 
an estimated distance between the base sta- 
tion and the mobile station according to the first 

so phase difference received by the reception unit 

and the second phase difference. 

28. The mobile station device of claim 27, wherein 
when the reception unit receives multipath signal, 
25 the position estimation unit obtains the second 
phase difference by using the second signal 
sequence received from a path having a shortest 
delay time. 

30 29. A base station device at a base station in a cellular 
mobile communication system for carrying out com- 
munications between mobile stations and base sta- 
tions, comprising: 

35 a reception unit for receiving a first signal 

sequence transmitted by a mobile station, 
which is uniquely predetermined for the mobile 
station; and 

a transmission unit for obtaining a first phase 
40 difference by comparing phases of the first sig- 

nal sequence received by the reception unit 
and a second signal sequence which is 
uniquely predetermined for the mobile station, 
and transmitting the second signal sequence 
45 and information on the first phase difference to 

the mobile station, so as to enable the mobile 
station to obtain a second phase difference by 
comparing phases of the first signal sequence 
and the second signal sequence and estimate 
so a position of the mobile station by calculating 

an estimated distance between the base sta- 
tion and the mobile station according to the first 
phase difference and the second phase differ- 
ence. 

55 

30. The base station device of claim 29, wherein when 
the reception unit receives multipath signal, the 
transmission unit obtains the first phase difference 
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by using the first signal sequence received from a 
path, having a shortest delay time. 

31 . A mobile station device at a mobile station in a cel- 
lular mobile communication system for carrying out s 
communications between mobile stations and base 
stations, comprising; 

a reception unit for receiving a first signal 
sequence transmitted by a base station, which to 
is uniquely predetermined for the mobile sta- 
tion; and 

a transmission unit for obtaining a first phase 
difference by comparing phases of the first sig- 
nal sequence received by the reception unit is 
and a second signal sequence which is 
uniquely predetermined for the mobile station, 
and transmitting the second signal sequence 
and information on the first phase difference to 
the base station, so as to enable the base sta- 20 
tion to obtain a second phase difference by 
comparing phases of the first signal sequence 
and the second signal sequence and estimate 
a position of the mobile station by calculating 
an estimated distance between the base sta- 25 
tion and the mobile station according to the f irst 
phase difference and the second phase differ- 
ence. 

32. The mobile station device of claim 31, wherein 30 
when the reception unit receives multipath signal, 

the transmission unit obtains the first phase differ- 
ence by using the first signal sequence received 
from a path having a shortest delay time. 
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